Research and clinical applications of q-methodology, in which a set of descriptive statements are sorted into a forced, quasi-normal distribution, have recently been extended to validation of integrated interpretations of the Minnesota Multiphasic Personality Inventory-2nd Edition (MMPI-2). This study aimed to develop a q-set customized for individuals diagnosed with substance abuse or those within a substance abuse treatment setting. 229 q-items, covering 11 content areas, were written to cover both the content area of the MMPI-2 and the variables affecting substance abuse treatment outcome. On the basis of their reliability, measured by inter-rater total correlation and variance components, 98 items were selected for final testing. Scores on this final q-set showed acceptable levels of reliability when forced into both a quasi-normal and flat distribution, with pairwise inter-rater reliability estimates of .519 and .517, respectively. Results of the study suggest the new q-set might be better suited to assessing a substance abusing population than the original Midwestern q-set that inspired it.
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PUBLIC INTEREST STATEMENT
The Minnesota Multiphasic Personality Inventory2nd Edition (MMPI-2) is one of the most widely used psychological tests in the world, employed in a variety of clinical and occupational settings. It is used to evaluate a wide range of personality and psychopathological phenomena, and to plan treatment. Because of its widespread use and real world impact, research evaluating its applications and improving its utility is important. This study reports on the development of a measure that can be used to evaluate the usefulness of the MMPI in substance abuse treatment settings. This new measure is in the form of a q-set, a set of statements that can be used to characterize an individual based on the scores obtained on the MMPI-2. Our hope is that this new measure may be useful in research in improving test use for individuals with substance abuse problems.
Introduction
Substance abuse and dependence have long been areas of intense research interest and concern because of their high incidence rates. According to the 2014 National Survey on Drug Use and Health (NSDUH) conducted by the Substance Abuse and Mental Health Services Administration (SAMHSA) within the United States of America, 17 million people, amounting to 6.4% of the population over 12 years, were classified as having alcohol abuse or dependence (SAMHSA, 2014) . In addition, marijuana use disorder was found to be prevalent in 4.2 million individuals, comprising 1.6% of the population being classified as having marijuana abuse or dependence (SAMHSA, 2014) . Marijuana was followed by pain reliever abuse or dependence (1.9 million people) and cocaine abuse or dependence (913,000 people) (SAMHSA, 2014) .
Given these statistics, it is not surprising that many assessment tools have been designed for substance abuse or dependence, including the Substance Use Disorders Diagnostic Schedule (SUDDS; Harrison & Hoffmann, 1989 ) and the Michigan Alcoholism Screening Test (MAST; Selzer, 1971) . A measure used as part of a clinical assessment should be able to provide clinicians with enough information to create efficient and effective treatment plans (Hayes, Nelson, & Jarrett, 1987) . Due to their more limited scope, instruments like the SUDDS and MAST, which are focused on the diagnosis of abuse or dependence and other related behaviors, might not be as suitable for providing information that pertains to treatment planning, as compared to a broader measure of psychopathology and personality, such as the Minnesota Multiphasic Personality Inventory-2nd Edition (MMPI-2; Butcher et al., 2001 ).
Factors influencing outcomes in substance abuse treatment
There are a number of psychosocial factors that are related to substance abuse treatment outcome. Although it is often useful to review the research literature concerning alcohol abuse separate from that concerning the abuse of other drugs, there are numerous similarities in a number of respects (Ciraulo, Piechniczek-Buczek, & Iscan, 2003) , including their assessment using the MMPI-2 (Stein, Graham, Ben-Porath, & McNulty, 1999) . Accordingly, pertinent literature is reviewed in one combined section below.
Project MATCH, a large-scale, multi-site study, followed 1,726 patients of alcohol dependence in the United States of America who were assigned to one of three manualized treatment formats: Cognitive Behavioral Therapy, Motivational Enhancement Therapy, or Twelve-Step Facilitation Therapy, based on personal attributes and substance-related variables (Fuller & Allen, 2000; Kadden, Longabaugh, & Wirtz, 2003; Mattson, Babor, Cooney, & Conners, 1998) . Results showed that only one of the ten primary hypotheses; that outpatients with less severe psychiatric conditions in the TwelveStep Facilitation Therapy drank less than those in the Cognitive Behavioral Therapy group; showed significant results, and this result was no longer significant at the 39-month follow-up and was considerably diminished at one year post treatment. Of the secondary hypotheses, only three hypotheses pertaining to different attributes and substance use patterns were supported. Considering that of a total of 21 hypotheses, pertaining to differential improvement based on matching variables to treatment conditions, only four were supported, this study seems to argue against the efficacy of matching clients to treatments by client characteristics. However, it is important to observe that each characteristic was tested independent of the others, and that any matching effects that may have existed could have been obscured by the fact that nearly all of the clients who participated in Project MATCH showed remarkable improvement in terms of treatment outcome. Gottheil, Thornton, and Weinstein (2002) compared the effectiveness of high structure and low structure counseling for substance abusing individuals. High structure counseling included more behaviorally based interventions characterized by the therapist playing a more directive role and reinforcing goal achievement, while low structure counseling was derived from existential, client centered therapies, and those more focused on emotional support and expression, thereby characterizing the therapist as more passive and amenable to being led by the client. The results of the study showed that although neither treatment style produced significantly better results than the other on a number of outcome measures (patient-and counselor-rated benefit, mean drug free urine samples, attendance), both a main effect and an interaction effect were found for the client's level of depression as assessed by the Beck Depression Inventory (Beck & Steer, 1987) . Patients who displayed higher levels of depression did significantly better in high structure counseling, whereas less depressed patients did significantly better in low structure counseling. The authors explain that this finding is supported by the findings of Project MATCH mentioned earlier wherein severity of psychopathology was found to impact progress in different therapeutic modalities. Ciraulo et al. (2003) provided an insightful review of the characteristics of substance abusers known to impact treatment outcome. One common factor mentioned across multiple substances such as alcohol, cocaine, opioids, and tobacco is that the resultant cognitive impairment that can occur as a result of excessive substance abuse may preempt the formulation of effective coping strategies by the abusing individual and can consequently impact treatment outcomes. This is particularly pertinent as the cognitive effects of the drugs differ in intensity. Other psychosocial factors that are of interest are severity of dependence or withdrawal, negative affect, personality traits and disorders (particularly risk-taking and anti-social tendencies), self-efficacy, and psychiatric comorbidity (Ciraulo et al., 2003) .
Differences in personality factors within substance abusing populations has also long been an area of research interest, with scientific exploration beginning in the early 1940s (Babor, 1996) with the search for the "alcoholic" personality, and continuing through to contemporary multidimensional typologies (Morey & Blashfield, 1981) . These typologies seek to classify substance abuserstypically alcoholics-into relatively homogeneous groups with similar familial backgrounds, severity of abuse, and personality characteristics Litt, Babor, DelBoca, Kadden, & Cooney, 1992) . These typologies of substance abusers may help identify groups of variables that are relevant to treatment planning. For example, Litt et al. (1992) found differential responses in treatment based on the alcoholism typology. Type A was characterized by milder aspects of severity and susceptibility, i.e. a later onset of dinking behavior, less family history of alcoholism, less alcohol dependence, and less pathological personality traits such as antisocial traits as compared to Type B. This typology, and by extension, these characteristics were found to impact treatment outcomes; interactional interventions were more effective with Type A while intervention based on coping skills development were more effective with Type B (Litt et al., 1992) .
Using self-report measures with substance abusing populations
Researchers or clinicians who wish to screen for substance abuse problems or measure treatmentrelevant personality constructs often choose to do so with self-report measures. Feit, Fisher, Cummings, and Peery (2015) note, in their chapter on screening and assessment for substance use and abuse, that the use of assessment measures in these contexts has increased and that they have advantages of easy quantification, time efficiency, and psychometric reliability. Still, it is important that these measures be evaluated carefully, as self-reports may be susceptible to various types of distortion. Babor, Steinberg, Anton, and Del Boca (2000) used the data collected from Project MATCH to compare self-report measures of substance abusing behavior with biological indicators of alcoholism assessed using liver enzyme levels obtained from blood samples and collateral reports from individuals aware of the participant's substance use habits and nominated by the participants. Results from this study indicated that self-report measures showed moderate correlations with both collateral reports and biological tests but comparatively there were greater correlations between self-report and collateral measures. Self-report measures were also found to be a more complete source of information as compared to biochemical and collateral data with the authors stating that the two latter sources may only add peripheral data. In addition, self-report measurements showed higher correlations with each of the other two data collection methods as the intensity of alcohol abuse increased. The authors also cite socially desirable responding as being one of the core limitations of self-report measures. However, these can be well assessed by the MMPI-2 validity scales, which evaluate the response patterns and styles in order to identify social desirability, over or under reporting and inconsistent responses (Butcher et al., 2001 ).
Personality variables relevant for substance abusing populations have also been investigated using the MMPI-2. The MMPI-2 has been shown to be significant predictor of Axis I and Axis II diagnoses in substance abusing populations (Butcher et al., 2001) per the Diagnostic and Statistical Manual of Mental Disorders (4th ed.; DSM-IV; American Psychiatric Association, 1994), even above the NEO-PI-R (Quirk, Christiansen, Wagner, & McNulty, 2003) .
Although the literature clearly indicates that there is a number of relevant personality or demographic characteristics that impact treatment outcome (Ciraulo et al., 2003; Gottheil et al., 2002) , and that reliably differ among substance abusers (Turiano, Whiteman, Hampson, Roberts, & Mroczek, 2012) , the ability of the MMPI-2 to assess these factors has yet to be discussed. There is extensive research literature on the ability of the MMPI-2 to assess presence of substance abuse (Gantner, Graham, & Archer, 1992; MacAndrew, 1981; Morey & Blashfield, 1981; Stein et al., 1999) , principally focused on the ability of scores on the MacAndrew Alcoholism Scale (MAC; MacAndrew, 1965), the Revised MacAndrew Alcoholism Scale (MAC-R; Butcher et al., 2001) , the Addiction Potential Scale (APS; Weed, Butcher, McKenna, & Ben-Porath, 1992) , and the Addiction Acknowledgement Scale (AAS; Weed et al., 1992) to accurately predict substance abuse and dependence. In a study comparing the efficacy of these measures, Clements and Heintz (2002) examined the diagnostic accuracy of MAC-R, AAS, and APS and investigated the factor structure of AAS and APS to identify item content sub-dimensions. Results indicated that scores on AAS significantly outperformed those on APS and MAC-R in terms of sensitivity, specificity, and discriminative ability. Factor analysis of AAS and APS item scores suggested two-and four-factor structures, respectively. AAS items consisted of two primary factors, labeled "Acknowledgement of Alcohol/Drug Problems" (internal consistency α = .60) and "Positive Alcohol Expectancies" (α = .58) by the authors. APS items produced a four-factor structure, labeled "Satisfaction with Self" (α = .60), "Cynicism/Pessimism" (α = .31), "Impulsivity" (α = .50), and "Risk Taking" (α = .25). These results are consistent with the multi-dimensional factor structures found in previous factor analyses of AAS and APS (Weed, Butcher, & Ben-Porath, 1995) and suggest that although AAS scores were shown to have greater diagnostic utility than APS scores, all three scales might be able to provide useful information on differing facets of personality of substance abusers.
A study by Levenson et al. (1990) highlights the sensitivity of the MMPI-2 substance abuse scales to behavioral dimensions other than substance abuse. The authors drew a large sample of men from a normative aging study and compared those participants who reported having a pattern of drinking seen as being problematic to those who did not report having a history of drinking problems. Participants who had been arrested and had drinking problems received the greatest average scores on the MAC scale, whereas participants who had been arrested but did not report a history of problem drinking and those who had not been arrested but did report a history of problem drinking were virtually indistinguishable from each other. All three of these groups produced significantly higher scores on the MAC than those who reported neither a history of arrests nor drinking problems. These results seem to indicate that MAC is measuring personality traits that correlate highly, but not exclusively, with substance abuse, such as a tendency toward risk-taking behaviors.
Although the potential ability of the MMPI-2 to provide clinicians with meaningful information about clients with substance abuse problems has been documented, previous research has typically focused on individual MMPI-2 scale functionality and has not evaluated the ability of an integrated interpretation of MMPI-2 scale scores to describe examinees accurately (Weed, 2006) . Q-methodology (Stevenson, 1953) provides a means for such an integrated interpretation to be evaluated. Q-methodology in this application involves a set of descriptive statements about a client that are sorted by a clinician on the basis of information inferred from an MMPI-2 profile. For example, a q-set of 100 statements could be sorted into a quasi-normal distribution of seven categories ranging from most descriptive to least descriptive, with statements that are thought by the clinician not to be applicable or of neutral applicability being placed in the middle of the distribution. Such a q-sort might be considered an "interpretive q-sort" because it characterizes the client on the basis of MMPI-2 interpretation.
Meanwhile, a source of information (e.g. clinician, spouse, chart reviewer) blind to the MMPI-2 results might complete a q-sort using the same items to describe the client. Such a q-sort might be termed a "descriptive q-sort." The correspondence, indexed by a correlation coefficient, between the interpretive q-sort based on information from the MMPI-2 only and the descriptive q-sort based on non-MMPI-2 information only can serve to provide an estimate of the validity of the MMPI-2 profile in describing the client's symptoms (Harrington, 2000) . This methodological design offers researchers a great deal of flexibility, as a set of q-statements can be written to pertain either to broad and general personality traits, or tailored to the salient characteristics of a particular clinical population, such as substance abusing clients.
In research applying q-methodology, a fixed distribution is typically used to reduce response bias on the part of the interpreter, ensure overall item variability within a given subject, and reduces the probability of obtaining cumbersome and disorganized data (Block, 1961) . Using a fixed quasi-normal distribution is theoretically defensible provided the distribution resembles that of a T-distribution, with degrees of freedom equal to one less than the maximal number of independent (non-correlated) factors that can be derived from the q-set itself. These factors, being uncorrelated, would be distributed randomly in any given individual, and therefore, as the number of factors increased, the distribution would approach normality in shape. Hence, most q-sorts are forced into quasi-normal distributions based on the "best guess" of the instrument developer. One consequence of the forced distribution in a q-sort is that item scores produced by a single individual are interdependent upon one another (Serfass & Sherman, 2013 ).
Using Q-methodology in interpretation of the MMPI-2
The Midwestern q-set, a 100-item set of common MMPI-2 clinical inferences, was originally developed to help students achieve proficiency in integrated interpretation of the MMPI-2 (Weed, 1997) . Revisions of the Midwestern q-set augmented the original 73-items; McNeal (1999) altered items based on their correlations with an external criterion across raters and independent observers, and made the vocabulary more accessible to multiple settings. These items were written to capture typical interpretations made using the MMPI-2, and were examined for their contributions to estimates of reliability and validity in later research (Robinson, 2004) . Furthermore, since the items were designed to cover the breadth of the MMPI-2, some may be redundant or not specific to a given clinical sample. Although it has been used successfully in a variety of MMPI validation studies (e.g. Deskovitz, Weed, McLaughlan, & Williams, 2016) , there have not been any attempts to develop MMPI-2 interpretive q-sets that are specific to clients with substance abuse or dependence. A q-set of items constructed explicitly for clients with substance abuse or dependence, and which showed similar levels of inter-rater reliability to the Midwestern q-set, may provide superior and more specific information regarding the relevant personality characteristics, treatment, and prognosis.
Objective of the study
Given both the breadth of the MMPI-2 item pool and the large number of potentially relevant personality variables that meaningfully differ across clients with substance abuse problems, this study sought to develop and evaluate a set of q-sort statements pertaining specifically to substance abuse. The statements within the q-set were aimed at comprehensively describing and addressing the behavioral and personality correlates of substance abuse that can be inferred from an MMPI-2 profile. This q-set could ideally be used in validation studies of the MMPI-2 with populations engaging in or prone to substance abuse. A secondary goal of the study was to determine the optimal distribution for the derived q-set, i.e. whether it is served better by statements rated into forced quasi-normal distribution or a flat distribution. This q-set has the potential to facilitate the investigation of the interpretive validity of the MMPI-2 in the context of substance abuse and has the advantage of being specifically tailored to address substance abuse related concerns.
Method

Participants
Q-sorters
Four raters each interpreted the 74 MMPI-2 protocols. Each rater had, at minimum, graduate-level training with regard to both MMPI-2 interpretation and the use of the q-sort program. Raters were informed that the MMPI-2 protocols represented results from an examinee from a substance abuse treatment setting.
Instruments
MMPI-2
The MMPI-2 protocols that were selected for use in the study were scored and interpreted using Pearson's Minnesota Report, a computer-based test interpretation program. Information from the Minnesota Report served as the only basis on which the raters generated their descriptions, thereby eliminating any idiosyncrasies of MMPI-2 profile interpretation across the sorters, and standardizing the interpretive information provided to them. Sorters utilized a web-based computer program that facilitates item rating according to the desired q-distribution.
Archival data-set
Seventy-four anonymous MMPI-2 protocols collected from the Hazelden Clinic (Weed et al., 1992) were used in this study: 50 in Stage Three (described below) and 24 in Stage Four. These protocols were selected randomly from among the valid profiles in the data-set. Protocols were considered invalid if any of the following conditions were met: 36 or more missing or multiple responses; 95% or more of the items marked True; 95% or more of the items marked False; F-K (raw) score greater than or equal to 14; TRIN T-score greater than or equal to 90; VRIN T-score greater than or equal to 90; or F T-score greater than or equal to 110. Only protocols that contained an Addiction Acknowledgement Scale (AAS) T-score of at least 55 were included to ensure that all protocols included were typical of clients with substance abuse.
Procedures and analyses
The development and validation of the q-sort proceeded in a four-stage format summarized in Figure 1 .
Stage 1: Item generation/composition
Based on a comprehensive review of the available literature pertaining to characteristics and functioning of clients with substance abuse, psychosocial factors pertaining to treatment efficacy, and the ability of the MMPI-2 to assess these factors an initial item pool was developed. Item generation began with the items used in the original Midwestern q-sort (Weed, 1997) and was subsequently altered to cover the constructs specific to substance abuse, operationalizing substance abuse through prevalent literature and formal taxonomies such as the DSM-IV. A number of items were developed to be relevant to the Cloninger (1987) and typologies of substance abusers, specifically relating to impulse control and sensation seeking. Items were also added to account for other research findings (e.g. Gottheil et al., 2002) . This initial list of items was designed to be relevant to both the MMPI-2 and the substance abuse population and comprised 216 items.
Items were selected to represent the information clinicians assess with regard to substance abuse and to be representative of what can be reliably provided by the MMPI-2. Previous studies (see Deskovitz, 2003 for a review) have mainly focused on developing statements that pertained to the MMPI-2 only, or statements that pertained to general psychopathology. Additional items were also added to maintain the balance of overall item content and category representation. This brought the total item pool to 229 items. Each of these items fell into one of twelve content categories, which were derived based on a broad review of the literature: Depression/Demoralization (18 items), Anger/ Anti-social Attitudes (26 items), Emotional Control (18 items), Explicit Substance Use (10 items), Mania/Impulse Control (14 items), Treatment Prognosis (23 items), Interpersonal Style (21 items), Family History/Problems (8 items), Miscellaneous Pathology (11 items), Anxiety/Neuroticism (24 items), Response Style (25 items), and General Personality (18 items). A complete list of the original pool of items can be obtained upon request from the authors.
Stage 2: Rational item selection
The use of raters has been used extensively in research involving q-methodology (Deskovitz, Weed, Chakranarayan, & Williams, 2016; Deskovitz, Weed, McLaughlan, et al., 2016) . Three doctoral-level psychologists who had expertise in both substance abuse treatment or assessment, and interpretation of the MMPI-2 evaluated the item pool in terms of clarity, relevance to substance abuse, and whether or not the information could reasonably be obtained from the MMPI-2. Items that were not relevant to substance abusing clients were unlikely to provide much useful information for treatment purposes and would have little functional value. Items that could not be reliably assessed using the MMPI-2 would not likely reliably vary across raters and would only add error to the instrument. Items rated poorly by the panel on either of these dimensions were eliminated at this stage. Each item was rated on a 5-point Likert scale for two domains; how much the item assessed factors important to substance abuse, and how well the MMPI-2 could assess the item content. Based on the Item pool refined by three psychologists based on redundancy, relevance, and clarity to yield 147 items.
Stage 3 147 items reduced to 98 items based on statistical parameters. These 98 items were used to develop q-sorts for 50 MMPI-2 protocols which were then submitted to statistical analyses.
Stage 4 24 additional profiles were used to compute inter rater reliability, qcorrelations, and compare functioning across distribution types expert ratings, it was decided that items should be removed from the potential item pool if they received an average rating of below 3 on either the substance abuse specificity scale or the MMPI-2 specificity scale. This threshold of a rating of 3 was used in order to select the items that were rated highest and were above the threshold of 60% which suggested that on average, the raters considered this item to be suitable, i.e. descriptive of substance abuse and assessable by the MMPI-2. This reduced the overall item pool down to 148. Finally, to bring the total number of items down to a multiple of 7 for ease of sorting purposes, the item "manipulates others for own gain" was eliminated due to redundancy with "manipulates others." Thus, a potential item pool of 147 items was developed, and these items moved on to the third stage of item selection.
Stage 3: Statistical item selection/evaluation
Statistical item selection incorporated the item's performance on five different indices. The four raters completed q-sorts for each of the 50 protocols using the items resulting from Stages One and Two. Raters q-sorted the items into a 7-point (8-15-29-45-29-15-8) quasi-normal distribution and a 7-point flat distribution (14-14-14-14-14-14-14) using an online q-sort application created using Authorware for web-based research and teaching applications involving MMPI interpretation (Williams & Weed, 2003) . In this phase, to further narrow the item pool, first, each item's mean and kurtosis were calculated.
In addition, the Within Protocol/Between Rater (WP/BR) variance of each item was also calculated by averaging the ratings of each of the four raters on a given protocol. The sum of squares was also calculated, giving an estimate of the error inherent in any one item. The Between Protocol/Within Rater (BP/WR) variance for each was calculated in complementary fashion: the ratings of each rater across all 50 protocols were averaged, and the sum of squares was calculated. Averaging these scores across the four raters produced the BP/WR statistic, which was used as a measure of item discrimination of one protocol from another.
The Variance Index was computed simply by dividing the average BP/WR variance by its WP/BR variance. The Variance Index serves as a measure of the tradeoff between inter-rater reliability and variability of the item itself. Thus, if an item varied more, on average, between raters on the same protocol than it varied within raters on different protocols, it would have a Variance Index of less than 1 and would be adding more error to the instrument than discriminability.
Additionally, by individually removing each item from the item pool and calculating the inter-rater reliability without the item, the overall contribution each item was making to reliability (inter-rater total correlation) was calculated. Each q-sort item was then evaluated in terms of its mean, WP/BR variance, BP/WR variance, Variance Index (a ratio of the preceding variances), distribution shape, and overall contribution to inter-rater reliability.
Based on these statistical measures, the item's convergent and discriminative properties were determined. It was concluded that items discriminating well between examinees should display distributions across protocols that are approximately normal or platykurtic. Items that fail to discriminate between protocols should display a distribution that is heavily skewed and/or leptokurtic, and/or have a restricted range. Items were then selected from among this pool of items based jointly on considerations of inter-rater agreement, descriptive statistics, and theoretical relevance, until a final item pool of 98 items was achieved.
Stage 4: Instrument evaluation
An additional 24 protocols were selected from the archival pool of MMPI-2 protocols and interpreted using the Minnesota Report. Four interpreters sorted the final set of 98 q-statements. In addition to the item statistics calculated in Stage Three, q-correlations were computed between raters across items to determine the inter-rater reliability of the q-ratings as a whole. Finally, to provide an indication of whether the q-sort items are best distributed quasi-normally or platykurtically, the raters again completed the q-sorts according to a flat distribution on the same 24 protocols. Item statistics and q-reliabilities for these protocols were compared by distribution type to determine the most appropriate q-distribution shape for these items.
Principal components analysis
In an attempt to identify the factors within the new q-set, a Principal components analysis (PCA) was conducted. The four ratings for each of the 74 profiles were collapsed across each profile using the mean of the four ratings. These means were then submitted to a PCA using SPSS software, where factors were extracted using the criteria of eigenvalue greater than one.
Results
Stages 1 and 2: Rational item selection
In keeping with the goal of generating and selecting items that addressed the content areas relevant to substance abuse and were also interpretable from MMPI-2 profiles, three doctoral-level psychologists rated each of the 229 items on these parameters. Their ratings on each of these parameters were submitted to further analyses. The average inter-rater correlation on the Substance Abuse dimension was .35, while the average inter-rater correlation on the MMPI-2 dimension was .46. These ratings were relatively high compared to the average random rater correlation, which was .10. Thus, correlations between the scales were likely due to item content and not random variance between the raters. The average correlation within raters between the two scales was .21.
After removing 82 items that had an average rating less than 3 on either of the two domains of relevance to substance abuse or inclusion in the MMPI-2 profiles, the overall item pool was reduced to 147. Average expert ratings on the substance abuse relevance scale increased from 3.46 to 3.81 after the 82 items were removed, and the MMPI-2 relevance ratings similarly increased from 3.55 to 3.90.
Stage 3: Statistical item selection
Statistical item selection proceeded in five phases based on the functioning of the item in terms of five different parameters; Inter-rater total correlations, WP/BR variance, BP/WR variance, Variance Index, and Item Means and Item Content. The degree to which a given item was agreed upon by multiple raters was jointly determined by the item's between rater/within protocol variability, Variance Index, and contribution to total inter-rater reliability. The degree to which a given item was discriminating within the substance abusing population was determined by that item's BP/WR variability, Variance Index, mean, and overall contribution to inter-rater reliability. Items were first identified on the basis of their contribution to reliability and their subsequent performance on other statistical parameters was used as criteria for removal. Thus, the same set of 62 items was submitted to further examination after Phase 1. The number of items removed due to each one of the following parameters is displayed in Table 1 .
Phase 1: Inter-rater total correlations
The first set of items removed were those that displayed the highest item-removed inter-rater total correlations. In addition to their negative contribution to overall reliability, these items also frequently displayed other undesirable characteristics, such as high scores on the average BR/WP Table 1 . Items removed at each step of statistical selection
Step of removal
No. of items
Relevance to substance abuse and/or assessment through the MMPI-2 82
Inter-rater total correlations 13
Inter-rater total correlations and Variance Index 6
Inter-rater total correlations and BP/WR variance 10
Inter-rater total correlations and WP/BR variance 13
Inter-rater reliability, item content, and item meansvariance and low Variance Index statistics. After removal of 12 items, average inter-rater reliability rose from .482 to .510.
Phase 2: Variance Index
After removing these items, 62 items remained that were negatively affecting overall reliability. Of these 62 candidates which also performed poorly in terms of inter-rater total correlations, items were removed in this phase if they displayed Variance Indices lower than 1. These were items likely adding more error than discriminative power to the overall instrument. Removing these 6 items increased the inter-rater reliability from .510 to .517.
Phase 3: BP/WR variance
Again, from within the subset of 62 candidates for removal, 10 items removed in this phase of item selection displayed unacceptably low BP/WR variance (<1.00). Removal of these items caused the overall inter-rater reliability to increase from .517 to .525.
Phase 4: WP/BR variance
Thirteen items removed in the fourth phase of item refinement (again, from among the 62 item candidates) were removed due to excessively high WP/BR variance (>1.30). Items that display high levels of variability across raters within the same protocol will likely contribute noticeably higher proportions of error when used in settings where all raters are not given the same interpretation on which to base q-sorts. If the item is unreliable when interpretation is held constant, it will likely become even more unreliable when interpretation is allowed to vary. Removal of these items caused the overall inter-rater correlation to increase from .525 to .540.
Phase 5: Item means and item content
In the final phase of item selection, seven items were removed to balance of the overall instrument mean and balance the item content within the set. "Is motivated to avoid failure," "Is likely to punch or kick others," and "Acts disoriented" were removed because they had the lowest item means among the 62 item candidates for removal. "Has lost interest …" was removed due to an abundance (n = 11) of items from the depression content area that were already included in the final instrument. "Is frequently belligerent without reason" was removed due to a sufficient number of items from the antisocial clusters already in the final item pool. Finally, "Crumbles under pressure" was removed because it was judged to be the least specific remaining item on the anxiety item cluster, which also had sufficient representation in the final item pool.
Through these five phases of item refinement, removing 49 items from the overall item pool increased the average inter-rater correlation from .482 to .547. The aggregate four-rater reliability (corrected with the Spearman-Brown formula) increased from .788 to .828. The average standard deviation of the remaining items was 1.3, a value of interest in Stage Four below. Table 2 comprises a complete list of the 98 items of the final q-set. Item statistics for these items are available on request from the authors.
Stage 4: Instrument evaluation
For the final stage of the project, two forced distributions were pitted against each other across an identical set of 24 protocols. The order of distribution completion was counter-balanced, and protocols were randomly distributed relative to the order in which they were presented across the two distributions.
The quasi-normal 98-item distribution showed an essentially negligible difference in inter-rater reliability (.524) when compared to the flat distribution (.521) across the 24 protocols. Furthermore, the average variability of the inter-rater correlations across all 24 protocols (4 raters by 24 protocols = 3! * 24 correlations = 144 correlations per distribution shape) was more than twice as high on the flat distribution (.05) as it was on the quasi-normal distribution (.02). This suggests that the flat distribution might have provided an increase in discriminability across certain types of protocols, but caused a decrease in reliability on others. This is also suggested by the WR/BP variance of the flat distribution, which was twice as high as that of the quasi-normal distribution (3.27 to 1.40), and by the BR/WP variance, which was also higher on the flat (1.87) when compared to the quasi-normal (.80). Interestingly, the ratio of BR/WP variance to WR/BP variance was nearly identical in the flat (1.81) and quasi-normal (1.77) distribution shapes. Table 3 shows inter-and intra-rater correlations between and across the two distribution types. For each rater, along with the average correlation with the other three raters for each protocol within distribution type, the Cross Distribution Correlation (CDC), an average correlation of the rater with oneself on identical protocols across distribution shapes, was calculated. This provided an estimate of the differences purely due to the distribution shape, with the rater and protocol not offering any variance. This value is shown on the main diagonal. It is interesting to note here the difference in this ratio for Rater 1, whose ratings seemed to be most affected by the difference in distribution. In addition, these values were then compared to the average correlation each rater had with themselves across distributions to the average correlation with the other raters across protocols. This ratio, labeled the Cross Distribution Ratio (CDR) in Table 3 , allows us to estimate the amount of unique variance being contributed by the raters, independent of the protocol being rated.
Principal components analysis
In addition to the inter-rater statistics discussed previously, exploratory principal components analysis (PCA) was also conducted using SPSS on the averaged sorts of the four raters on the 74 protocols completed in the initial and final, quasi-normal distribution shapes. The flat distribution shape was not included because these 24 protocols were already represented in the quasi-normal distribution sorts and there was not enough data to conduct a reduced space analysis within the flat distribution shape alone. Ten components with eigenvalues (EV) greater than 1 were extracted from the matrix (Table 4) . Components were then rotated using Varimax with Kaiser Normalization. Examination of the item content represented by the components (Table 5) suggests that the first component is tapping a dimension of positive emotionality, with items like "Is optimistic" loading extremely highly in the positive direction, and items like "Is depressed often" loading extremely highly in the negative direction. Of the initial item content clusters, the first component appears to be composed primarily of items from the depression, anxiety, and general pathology clusters. The second component, however, appears to be tapping a combination of anger/anti-social attitudes, emotional control, and treatment prognosis item content. In comparison with the two main components, the remaining eight were represented by relatively few (17) items between them.
Discussion
The main goal of this project was to develop a q-set that could potentially be used in validation research with the MMPI-2 in substance abusing populations. This goal was accomplished, resulting in a q-set of 98 items. Both the flat and quasi-normal distribution shapes for the final instrument were associated with acceptable pairwise inter-rater reliability, within and between rater variance figures, and high average Variance Index scores. The pairwise inter-rater reliability estimate is somewhat lower (∆ r = −.08 to −.18) than that obtained in similar studies using the traditional Midwestern q-sort (Robinson, 2004) , but not substantially so. Furthermore, this q-set may be expected to show somewhat lower correlations with MMPI-2 interpretations, as it was not written to pertain only to the MMPI-2, but also to the variables relevant to substance abuse treatment. Such a q-set might be expected to show lower inter-rater reliability between MMPI-2 raters, but higher inter-observer reliability between significant others with explicit knowledge of the person being tested, considering the high observability of the item content included. Furthermore, the reliability of the mean interpretation, over four raters, was .81 (calculated via Spearman-Brown) for both the quasi-normal and flat distributions, an acceptable reliability figure by any standards.
However, the secondary goal of the project, to determine the most appropriate shape for the qdistribution, was not so easily determined. In terms of their overall inter-rater correlation, the flat and quasi-normal distribution shapes did not meaningfully differ. However, the flat distribution shape has the advantage of potentially being able to provide a greater amount of protocol-specific information than the quasi-normal distribution shape does. This is due to the fact that the total number of discriminations between q-items that a rater must make is maximized at a flat distribution shape (Ozer, 1993) . Furthermore, since all of the raters had been previously primed with a normal shape, it is possible that upon retest with the flat distribution, their inter-rater reliability would improve. Based only on the results of the current study, it cannot be concluded that either distribution is superior. Therefore, it is suggested that the quasi-normal sort, which did display a slightly higher inter-rater reliability and is the distribution shape to which most raters are accustomed due (Continued) to it being used in other established q-sort measures such as the Midwestern q-sort (Williams & Weed, 2003) and the California q-sort (Block, 2008) , should be used until sufficient evidence exists to suggest the flat distribution shape can outperform it. It is of interest, however, to note that all four raters complained of feeling as if they were hard-pressed to find enough items to fill the extreme bins for several of the protocols. This suggests that appropriate distribution shape may vary from protocol to protocol.
A post hoc analysis was also conducted to determine if rater reliability varied consistently as a function of specific scale elevations on the MMPI-2. Since the flat distribution allows for a greater amount of variance, and thus a greater likelihood of higher inter-rater reliability, one might expect the reliability of the flat distribution to be higher on protocols that displayed elevations on constructs that were well-represented in the item set. The quasi-normal distribution was expected to outperform the flat distribution when relatively uncommon MMPI-2 scales were elevated in the protocol. This was not the case, as the quasi-normal distribution reliability was observed to correlate higher than the flat distribution with the three validity scales (L, F, K) and with the clinical scales. What is of most interest here, however, is that nearly all correlations of the reliability estimates with the MMPI-2 scales, whatever the magnitude, tended to be positive, with the average correlation for the quasinormal distribution being .17 and the average correlation for the flat distribution being .09. Further, the strongest correlations were always positive, with MMPI-2 scales F and Hy being strongest for the quasi-normal, with correlations of .38, and Scales L and F being strongest for the flat, with correlations of .29 and .25, respectively. This suggests that higher overall levels of scale elevations may produce increases in rater reliability.
Instrument factor structure and divergence
With regard to the PCA conducted for this study, it is important to note that these observed components should be viewed with a certain degree of caution. Because the placement of each item within the q-set is interdependent on the placement of all the items that have been sorted before it, the correlations between items within a q-set are necessarily linked to the order in which the items are sorted. Consequently, it is suggested that only the first two components be interpreted, as they displayed eigenvalues so large that it is unlikely they could be attributed to item placement order alone. Furthermore, these two components seemed to comprise several aspects of personality such as conscientiousness and neuroticism (Löckenhoff, Terracciano, Costa, Bienvenu, & Crum, 2008) , impulsivity and risk taking traits (Eskandari & Helmi, 2014) , and emotionality and anger (Stringer, 2011) , that have been thought to correlate with differences among substance abusing clients. Because only 13 of the 98 items did not have either a primary or secondary loading on one of these two components, and many had high loadings on one or the other, these components would likely remain relatively stable upon retest. The same could not necessarily be said of the other eight components.
That said, the main two components of the current q-set resemble two main components of the Mississippi q-set, as reported by Robinson (2004) when she analyzed q-ratings of a set of MMPI-2 protocols: "Emotional Stability" and "Anti-social Tendencies." However, the other two components observed by Robinson ("Rationality" and "Somatization") were not observed among our components. This suggests that the current set might be more specific, as designed, to a substance abusing population. The components observed in the current study are somewhat different from those observed by Robinson in that they appear to be broader, incorporating aspects of response style, treatment prognosis, and sensation seeking.
Limitations
Although the main goals of the study were achieved, there were some limitations to note. The items selected for the current q-set were chosen based on their relevance both to a substance abusing population and to phenomena accessible via the MMPI-2. This of course does not ensure that the items represent the most important clinical phenomena in such a setting. It is probable that other instruments and sources of information are needed to represent fully the assessment of problems associated with substance abuse.
